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(g) Bending and tempering glass sheets. 

(g) Glass sheets are press bent and tempered, 
especially for use as glazings in vehicles. Such 
glazings are required to be accurately bent to a 
complex shape whBe meeting high standards of 
optical quality and fracture safety at an accept- 
able cost. A method of bending and tempering a 
glass sheet (11) is provided comprising heating 
the sheet (11) in a furnace (12), including heat- 
ing at least one portion of the sheet to a higher 
temperature than another portion, conveying 
the sheet out of the furnace and into a press 
bending station (13). shaping the sheet by 
pressing it between opposed complementary 
upper and lower press members (61,62), at least 
one of the members being internally heated, 
transferring the bent glass sheet onto a shuttle 
carrier ring (140) conforming to the periphery of 
the sheet, and tempering the sheet whOe sup- 
ported on the carrier ring. A conresponding 
apparatus is also described. 
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The present invention n^iates to the bending of 
glass sh ets, and more particularly, to an improved 
method and apparatus for press bending and temper- 
ing glass sheets for glazing vehicles. By *'press bend- 
ing", a shaping process is meant in which a heat- 
soft ned glass sheet is pressed between comple- 
mentary opposed shaping sur^ces which are provid- 
ed on press members such as moulds. 

When producing tempered curved panes of glass 
for the windows of vehicles such as cars, a number of 
requirements need to be met simultaneously. Rrst a 
pan must satisfy relevant safety requirements, such 
as ECE R43 in Europe, which lays down approved 
fracture patterns intended to reduce injuries incurred 
in the event of breakage of the glass. The pane should 
also be of the correct size and shape for the opening 
tn the vehicle which it Is intended to fit It should fur- 
th r be free from surface defects and of sufficient 
optical quality to permit a distortion-free view through 
th window. Additionally, the cost of the pane has to 
be acceptable to the customer, the vehicle manufac- 
turer. 

In recent years, these demands on the glass pro- 
ducer have become much more exacting. Modern ve- 
hicl styling trends call for glass of complex shape, 
i.e. having curvature in two directions at right angles 
to each other, and for precise control of the curvature 
across the whole pane of glass, not just the periphery 
which fits onto a glazing flange of the vehide body- 
work. Often the curvature in the wrap direction (side- 
to-side) is deep and/or sharp in nature. In addition to 
achieving these difficult shapes, the tolerances re- 
quired have become Increasingly exacting as a result 
of a general continuing increase in the quality of ve- 
hicle assembly sought by the manufacturer, and more 
specifically, because autonrative glass may be edge 
encapsulated with a gasket, or installed by robot, and 
these techniques impose very tight tolerances on the 
glass. 

It is in any case more difficult to avoid optical dis- 
tortton in complex shapes, and furthermore, since ve- 
hicl glazing must meet the increasingly stringent opt- 
ical standards now being demanded, the glass pro- 
ducer needs to pay dose attention to this in his bend- 
ing processes. 

Moreover, the drive for weight reduction in vehi- 
des to reduce fuel consumption has prompted the 
use of thinner glass; e.g. 3 mm thick glass is now fre- 
quently used for toughened panes instead of 4 mm 
and 5 mm thickness. It is more difficult to temper thin- 
ner glass adequately, and it is more susceptible to 
loss of shap and optical distortton while in a heat- 
softened condition, so th difficuiti s faced by the 
glass producer are compound d. 

While many of th difficulties may be all viated 
by bending glass sh ts relatively slowly in a press 
bending system in which the press is located in a heat- 
ed environment, such a process tends to have long 



cyde times and to b xpensive to operate. Consid- 
erati ns of cost urge the glass producer to develop 
processes capable of shorter cyde times, shorter 
mould changeover times, and higher yields, while still 

5 producing glass of the required shape and quality. Al- 
though shorter cyde times, changeover times and 
higher yields have been achieved in the past, the 
glass produced did not have to meet modern shape 
and quality standards, nor was it as thin as it now re- 

10 quired. 

For example, there is a known press bending sys- 
tem in which glass sheets are conveyed on rdlers 
throughout the process, from heating to quenching, 
and the pressing step occurs outskie the furnace, in 

IS such a system it is possible to produce a continuous 
rapid succession of glass sheets, providing each step 
in the process occurs quickly enough. While such a 
system served admirably for glass of 4 mm thickness 
and above, it has proved difficult in a production en- 

20 vironment to produce thinner glass on it to the stan- 
dards required when bending to shapes with a signif- 
icant degree of complexity. Optical distortk>n may oc- 
cur during pressing, and furthermore, heat-softened 
sheets are susceptible to both distortion and loss of 

25 shape from a variety of causes while supported on 
rollers. Attempts to improve optical quality by bend- 
ing at a lower temperature result in an unsatisfactory 
fracture pattern in the glass on breakage and/or low 
yield. 

30 The problem of loss of shape in a bent glass sheet 

is addressed by WO90/11973, which corresponds to 
US 4,883,526. This proposes a shuttle arrangement 
for transferring the t>ent sheet from a bending station 
to a discharge or quench 8tatk>n. The bent sheet is 

36 placed upon a shuttle ring, conforming in outline and 
elevation to the marginal edges of said sheet, by the 
downward vertical nrwvement of a lower shaping ring 
mould (carrying the sheet) relative to the shuttle ring. 
The shuttle ring is therefore arranged to the concen- 

40 trie with, and inboard of, the ring mould at this moment 
in the process. However, this arrangement can be inv 
proved upon because, being inboard of the periphery 
of the bent glass sheet, the shuttle ring can in practice 
leave marks in a vision area of the sheet 

45 WO 93/14038 corresponding to US 5.279,635 

concerns the prot>lem of distortion in press-bent glass 
sheets, and is particularly concerned with modifying 
the press bending moulds to alleviate distortion. It 
teaches that these problems have in part been 

so caused by overheating sheets in a furnace to com- 
pensate for heat loss subsequent to exiting the fur- 
nace. By providing heated shaping moulds, ttiis sut>- 
s quent heat loss can t>e reduced, and the need for 
such intensiv h ating in the furnace avoided. The 

55 * disdosure does not solve the problems of loss of 
shape of a b nt glass sh et These probi ms tend to 
be espedally severe when bending thin glass sheets 
for tempering, because of the n ed for a glass sheet 
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to be at a reiativeiy high temp rature when it is con* 
veyed into the quench station for it to t>e adequately 
tempered. The majority of glass panes presently fit- 
ted to European vehicles have a degree of complex 
curvature, and a need therefore exists for a bending 
and tempering process capable of producing glass 
panes of the required moderately complex shape, 
possibly including deep or sharp bends, while satis* 
f ying the present stringent standards for optical qual- 
ity and fracture pattern, at a cost acceptable to the 
vehicle manufacturer. 

According to the present invention there is provid- 
ed a method of bending and tempering a glass sheet 
comprising: 

heating the sheet to a heat-softened condition 
in a furnace. Including heating at least one portion of 
the sheet to a higher temperature than another por- 
tion, 

conveying the sheet out of the f trnace and into 
a press bending station, 

shaping the sheet by pressing it between op- 
posed complementary shaping surfaces provided on 
upp r and lower press members, at least one of the 
members being internally heated, 

transferring the bent glass sheet onto a shuttle 
carrier ring conforming to the periphery of the sheet, 

tempering the bent glass sheet, while support- 
ed on the carrier ring, by quenching the surfaces of 
th sheet, 

removing the bent and tempered glass sheet 
from the carrier ring. 

The technique of heating at least one portion of 
th sheet to a higher temperature than another por- 
tion is commonly referred to as "differential heating". 
Those parts of the sheet which are to be bent more 
de ply and/or more sharply (i.e. to a snrtaller radius of 
curvature) are heated to a higher temperature to al- 
low them to deform more readily, t.e. reasonably 
quickly yet without introducing distortion. This feature 
of the method is therefore functionally related to the 
pressing step in which the shape, with its deep or 
sharp bends, is imparted to the glass. 

It is advantageous to perform the press bending 
step outside the furnace because this greatly simpli- 
fies the mechanical engineering involved, thereby re- 
ducing the cost of the apparatus. It also enables the 
press bending mechanism to be designed to work on 
a shorter cycle time, and reduces the temperature cy- 
cling that occurs as e.g. a door of the furnace opens 
to allow each bent sheet and its support to exit How- 
ever, to bend glass sheets reasonably quickly and 
without introducing distortion, and to obtain an ade- 
quate degree of temper in the sheet, we hav found 
that it is necessary to heat at least one of th press 
members. The provision of "heated tooling", as this 
feature may be r fenred to, is therefore functionally in- 
terlinked with th location of the press bending station 
outside the furnace when th glass Is to be tempered 
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after pressing. 

it has been found that further improved optk:al 
quality can be obtained when the glass sheet has un- 
dergone a preliminary shaping step before being 

5 press bent, so that a lesser degree of change of shape 
remains to be achieved at the press bending step. 
Preferably, therefore, the method includes pre-shap- 
ing the heat-softened glass sheet, for example by 
conveying it on a support shaped to provide the re- 

10 quired pre-bend, for example contoured rollers, or 
mutually inclined straight rollers, the length of the roll- 
ers and angles of inclination being selected acconling 
to the pre-bend it is desired to impart to the sheet 
Normally, the complementary shaping surfaces 

IS take the fonm of an upper male full face mould and a 
lower female outline ring nrauld. Preferably, at least 
part of the shaping surface of the male mould is por- 
ous or provided with larger apertures, normally open- 
ing into passages, at which the air pressure may be 

20 reduced, e.g. by connection to a plenum chamber 
maintained at reduced pressure, so as to cause a 
force sucking the glass sheet onto the shaping sur- 
face. Such a mould Is termed a vacuum male mould. 
Advantageously, the shaping of the glass sheet may 

25 be assisted by the pressure difference, resulting from 
the use of a vacuum mould, between the two faces of 
the glass sheet as it is pressed between the moulds. 
This assistance is especially useful when the shape 
desired In the bent glass sheet includes an area of re- 

30 verse curvature, i.e. a concave area in a generally 
convex sheet 

A further advantage of a vacuum male mould is 
that it may be used to suspend the bent glass sheet 
after shaping, allowing the female ring mould to t>e 

3S lowered away from the male, and the glass to be posi- 
tioned over a shuttle carrier ring, by relative move- 
ment between the ring and the male nrK>uld. for depos- 
ition of the glass onto the carrier ring. Preferably, the 
bent sheet is suspended from the male nnoukl while 

40 the shuttle carrier ring moves in below the male 
mould to receive the bent glass sheet Alternatively, 
the male mould may itself move substantially horizon- 
tally, while carrying the bent glass sheet until it is 
positioned above the carrier ring. Either way. the in- 

45 cidence of surface marking of the glass sheet is re- 
duced. Marking and accuracy of shape may be fur- 
ther improved by lowering the vacuum male in a con- 
trolled fashion when transferring the glass to the car- 
rier ring, and only releasing the sheet when it is close 

50 to the ring, so that the sheet Is gently placed, rather 
than dropped, on the ring. This reduces the impact 
suffered by the sheet and increases the accuracy of 
location of the sheet on the ring. Since the ring may 
b designed to conform to the outline shape of th 

55 * b nt sheet this shap may thereby be better main- 
tained. 

For accurate and reproducibi bending of glass 
sheets, it is important that each glass sheet is accu- 

3 



5 



EP 0 677 491 A2 



6 



rately located between the moulds. Where different 
porti ns of the sheet are h ated t different temp r- 
atures in the furnace, or where a preliminary shaping 
step is employed, it is also important that the sheet is 
accurately located at the relevant point Preferably, 
therefore, means are provided to align the glass sheet 
before it enters the furnace, and more preferably, 
means are provided to detect and correct deviation of 
a sheet from a desired alignment atone or more sub- 
sequent stages in the process. 

The method of bending and tempering a glass 
sh et provided by the invention has been designed to 
be suitable for thin glass sheets, especially sheets of 
3 and 4 mm nominal thickness (actual thickness 
range 2.8 - 4.2 mm), and more especially for thin 
sheets having a moderate degree of complex curva- 
ture, in the context of bending glass for vehicles, the 
skilled person understands "thin" glass to be glass up 
to 4.2 mm thick. While the invention may also be used 
for bending and tempering glass sheets having a 
thickness outside the above range, it will normally be 
possible to process thicker sheets satisfactorily on 
prior art apparatus. At present there is little commer- 
cial requirement for bending and tempering glass 
sheets thinner than 2.8 mm. 

The present invention also provides an apparatus 
for bending and tempering a glass sheet comprising: 
a furnace for heating the sheet to a heat- 
softened condition, 

including means of heating at least one portion of the 
sheet to a higher temperature than another portion, 

a press bending station comprising opposed 
complementary shaping surfaces provided on upper 
and lower press members mounted for opposed reci- 
procating movement relative to each other, at least 
one of which is internally heated, 

conveyor means for conveying the glass sheet 
through the furnace and out into the press bending 
station, 

a quench station comprising opposed blast- 
heads for directing flows of cooling fluid so as to im- 
pinge on the surfaces of the bent sheet and quench 
them, thereby tempering the sheet, 

shuttle means for receiving the sheet from the 
press bending station comprising a carrier ring con- 
forming to the periphery of the bent glass sheet, the 
ring being displaceabie in a substantially horizontal 
direction through the quench station. 

an unloading station comprising means for re- 
moving the bent and tempered sheet from the carrier 
ring. 

The advantages of combining differential h at- 
ing, a pr ss bending station located outside the fur- 
nace, and the provision of heat d tooling have already 
been mentioned. Having made such provision to bend 
a glass sheet to a carefully controlled shape, it is of 
course important that that shape is maintained until 
the sheet is cooled by quenching, and becomes rigid. 



A shuttle carrier ring conforming in outlin and eleva- 
tion to the periphery of th b nt glass sheet has been 
found to b the best way of transferring the sheetfrom 
the press bending station through the quench station 

5 to the unloading statk>n. This feature therefore coop- 
erates with the features of the earlier part of the ap- 
paratus, the function of which was described above, 
in providing a bent and tempered glass sheet meeting 
the stringent requirements of optical quality, complex 

10 shape within tight tolerances and a fracture pattern 
meeting ECE R43, all at an acceptable cost 

One way of providing differential heating is to ar- 
range the furnace as a number of uniform heating 
sections followed by one or more differential heating 

15 sections (a differential heating section being one that 
is capable of heating one portion of the sheet to a 
higher temperature than another portion). Preferably, 
a uniform heating section comprises an elliptical roof 
with heating elements disposed on the inside thereof. 

20 Preferably the roof may be retractat)ie to allow main- 
tenance. The differential heating section preferably 
comprises such a uniform heating section with addi- 
tional heaters disposed below the elliptical roof, pre- 
ferably in a substantially horizontal array. The heaters 

25 may be controlled so that a portion of the sheet which 
is to be bent to a smaller radius of curvature is heated 
to a h^her temperature than another portion. 

Preferably, the apparatus includes means of inrn 
parting a preliminary bend to the heat-softened glass 

30 sheet before it is press bent. 

Generally, the complementary shaping surfaces 
employed are specific to the shape of a particular 
glass pane. It ts therefore necessary to exchange one 
or generally both of the moulds installed In the press 

35 bending station when it is desired to produce a differ- 
ent glass pane, and often some adjustment is re- 
quired before satisfactory production of the new pane 
is achieved. However, this changeover results in a 
period of time for which the plant is out of production 

40 ("downtime"), and as menttoned above, it is desirable 
to reduce such changeover times to reduce costs. 
Preferably, time is saved by providing the press with 
wheels and a centering/levelling system so that it can 
be removed from its operating position in the produc- 

45 tion line, the moulds exchanged or adjusted, and the 
press replaced, and aligned with the line with minimal 
delay. 

At least one mould Is provided with internal heat- 
ing means, i.e. means to release heat within the 

so mould so that heat is supplied to the shaping surface 
from a direction within the mould. It will be appreciat- 
ed that as the press bending station is outsidethe fur- 
nace, the mould would otherwise be cold at th start 
of a production run, resulting in unsatisfactory bend- 

55 ' ing of a substantial number of she ts until it reached 
operating t mperatur . Both moulds may be heated, 
but as the lower mould is normally of outline or ring 
construction resulting in a relatively low h at capaci- 
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ty, it warms up relatively quickly and so it is sufficient 
to heat only the upper mould. 

By internal heating, the skilled person under- 
stands that energy (whether in the fonii of heat or not) 
is supplied into the mould, and released as heat within 
the mould. The shaping surface is therefore primarily 
heated from within the mould, rather than directly 
heated solely by means external to the mould, e.g. ex- 
ternal radiant heaters or burners, or heated by hot 
glass sheets coming into contact with the mould. 
There are several different means of internal heating; 
one such means comprises electric heating elements 
situated in part or all of the mould, e.g. located in 
spaced bores; such elements may be controlled by 
suitable temperature control circuits. Another internal 
heating means comprises conduits extending 
through the mould, through which a hot fluid may be 
passed. The conduits may be connected to an exter- 
nal source of heated fluid, and the fluid may be liquid, 
.g. an oil, or gaseous, e.g. air. 

Preferably the shaping surfaces are maintained 
at a temperature between 200**C and 350*'C. prefer- 
ably 220**C to 300**C, most preferably around 250^*0, 
while producing glass panes of satisfactory optical 
quality and fracture pattern. It is surprising that ade- 
quately tempered thin glass can be produced on an 
apparatus in which the transfer time from furnace exit 
to quench station may be as long as 5 to 8 seconds, 
and the shaping surfaces are at such a low tempera- 
ture. 

Preferably the shuttle means comprises a frame 
in which the carrier ring is supported. The frame trav- 
els on glide rails which may extend from the press sta- 
tion to the unloading station orfor only part of this dis- 
tance. The glass sheet may be removed from the car- 
rier ring by one of several methods, for example, the 
sheet may be lifted from the ring by a lift mechanism 
and then supported at its periphery by pins while the 
ring withdraws. Alternatively, a vacuum holder may 
be used to lift the sheet from the carrier ring. 

The invention also includes a glass sheet bent 
and tempered by a method or on an apparatus In ac- 
cordance with the invention herein described. 

Preferred embodiments of the invention will now 
b described by way of non-limiting examples with 
ref rence to the accompanying drawings in which:- 
Rg 1 is a highly schematic overall plan view of a 
press bending and tempering apparatus. 
Fig 2 is a perspective view of one possible appa- 
ratus for aligning glass sheets before entry into 
a furnace, which is part of the apparatus shown 
in Fig 1, 

Fig 3 is a cross-s ctional view on the line Ill-Ill of 
part of the f urnac of Fig 1 , 
Fig 4 is a schematic perspective view of a means 
of pr liminarily bending th glass sheets, which 
may be incorporated in th apparatus of Fig 1 , 
Fig 5 is an enlarged perspecth/e view showing ad- 
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ditional d tails of a small part of the preliminary 
bending means of Fig 4, 
Fig 6 is a side vi w, partly in section, of part of th 
press bending and tempering apparatus of Rg 1, 
5 including the exit from the furnace, a press bend- 

ing station, a quench station and an unloading 
station. 

Fig 7 is a side view of the lower part of a press, 
showing wheels and a centering and levelling 
10 system which may be added to the apparatus of 

Fig 6, 

Fig 8 is an end view, in a direction at right angles 
to that of Fig 7, of the lower part of the press 
shown in Fig 7, showing it In a raised position, 
15 Fig 9 is an end view, viewed in the same direction 

as Fig 8, showing the same part of the press in a 
position in which it is lowered for press bending 
operation. 

Fig 10 Is a plan view of part of a press, showing 
20 a lower mould and conveyor rollers for transfer- 

ring a glass sheet onto the mould. 
Fig 11 is a side view of part of the press of Fig 10 
in which the conveyor rollers In the press bending 
statton may be lowered, 
25 Fig 12 is a side view of the press of Figs 10 and 

1 1 showing the conveyor rolls in the lowered pos- 
ition. 

Fig 13 is a side view, partially cut away, of an up- 
per mould which may be used in the press bend- 
so ing units herein described. 

Fig 14 is a perspective view, partially cut away, 
of part of the upper mould of Fig 13, 
Fig 1 5 is a side view of an alternative upper nnouki 
to that of Rgs 13 and 14, 
35 Fig 16 is a plan view of the mould of Fig 1 5, 

Fig 17 is a perspective view of the mould of Figs 
15 and 16, 

Fig 18 is a perspective view of a lower moukJ 
which may be used in the presses herein descri- 
be bed. 

Fig 19 is a perspective view of part of a shuttle 
means included in the apparatus of Fig 6. 
Referring to Figure 1, the drawing shows a press 
bending and tempering apparatus for bending and 
45 tempering a glass sheet in a generally horizontal ori- 
entation comprising a first or supply conveyor 10 
which delivers glass sheets 11 to the entrance of a 
furnace 12. The furnace 12 includes a second con- 
veyor means 18 which transports the sheets 11 
so through the furnace and delivers them to a press 
bending station 13 where the heat-softened glass 
sh ets are pressed between complementary op- 
posed shaping surfaces provided on press members 
in the fonm of moulds. The press bending statk>n is 
55 ' equipped with a third conveyor m ans (not shown). 
The bent sheets are then transported through a 
qu nch station 14 wh re they ar tempered, and into 
an unloading station 1 5, wher the t>ent and tempered 

5 
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sheets are transferred onto a fourth conveyor 19. 
Transport between the press bending station 13 and 
the unloading station 15 is by means of a shuttle, 
shown in Figures 6 and 19. The apparatus has a cen- 
tre line 17. 

In Rgure 1, glass sheets in the shape of vehicle 
backlights are shown schematically, progressing 
through the apparatus in a single row. However, the 
invention is suitable for many other shapes of glass 
sheet which it is desired to bend and temper. It can, 
for example, be used to bend and toughen smaller 
sheets, to be used as vehicle doorglasses. in an ap- 
paratus according to the invention which is designed 
for such smaller sheets, the sheets may progress 
through the apparatus in multiple rows, e.g. two or 
V n three sheets abreast Certain parts of such an 
apparatus would be provided In a corresponding mul- 
tiple number. For example, the press station would 
comprise two or even three presses (or at least two 
or even three paire of press members) abreast to 
press the multiple rows of sheets. 

The apparatus may optionally be provided with 
an alignment apparatus for aligning the sheets accu- 
rately relative to the imaginary centreline 17 of the 
bending and tempering apparatus, in both rotational 
and transtational senses. One suitable alignment ap- 
paratus 16 Is shown in more detail in Rgure 2. It is de- 
sirable to align the sheets accurately so that each 
subsequent part of the bending and tempering appa- 
ratus can perform Its function satisfactorily. 

Referring to Figure 2, this shows one possible 
alignment apparatus 16, which is known from and 
more fully described in GB 2,193,709 corresponding 
to US 4,895,244 (the disclosures of which are hereby 
incorporated herein by reference). It includes two 
parts, a positioning mechanism 20 for the front or 
leading edge of the glass sheet and a positioning 
mechanism 21 for the side edges of the sheet 

In Figure 2, glass sheets 11 are being conveyed 
towards and into the entrance of the furnace 12. i.e. 
th y are moving from left to right as depicted. The 
leading edge of a sheet 11 contacts spring-loaded re- 
tractable stop pins (not shown) which protrude from 
the lower ends of stop tubes 22 of positioning mech- 
anism 20. The stop pins are made of a material, e.g. 
a nylon, which does not scratch glass. When the sep- 
aration between the sheet 11 abutting the stop tubes 

22 and the preceding sheet (Le. the sheet which has 
already left the alignment apparatus) has reached a 
desired pre-determined value, the stop tubes 22 are 
rais d and the sheet proceeds. Raising of the stop 
tub s 22 is accomplished by th piston of air cylinder 

23 retracting, and rotating shaft 24 in an anticlock- 
wise s ns as viewed from th nd of the shaft 24 
nearest to the viewer. Shaft 24 is spltn d so that th 
members by which each stop tube 22 is mounted ro- 
tate with the shaft thereby swinging each stop tub 
22 upwards. Thes members ach comprise a slid 



25 and slide mounting bracket 26 which provide for 
adjustment of the stop tub inth direction of the cen- 
treline 17. This adjustm nt is achieved by moving 
each slide mechanism 25 (and thereby stop tut>e 22) 

5 relath/e to bracket 26 by electric motor 27. 

Side edge positioning mechanism 21 comprises 
side pusher brackets 28 operated by air cylinders 29 
which are located below threaded shaft 30, and con- 
nected to it by threaded brackets 31. When a glass 

10 sheet 1 1 abuts the stop tubes, air cyiindera 29 are ac- 
tivated and side pusher brackets 28 move towards 
the centreline 17 to accurately locate the sheet 11 rel- 
ative to the centreline 1 7. The separation of the brack- 
ets 28 may be adjusted, e.g. for different size sheets, 

15 by operating electric stepping motor 32 which rotetes 
threaded shaft 30 so that threaded brackets 31 move 
towards or away from each other. 

The accurately aligned glass sheets 11 pass Into 
furnace 12 where they are heated to a temperature 

20 at which they are in a heat-softened condition and 
susceptible to deformation. The latter part of the fur- 
nace 12 is equipped with a differential heating appa- 
ratus to heat certain portions of the sheets 11 to a 
higher temperature than othere. Figure 3 shows a 

25 cross section of such a latter part of the furnace 12, 
through which a glass sheet 11 is conveyed on the 
second conveyor means 18 of Figure 1, which com- 
prises rollere 35. In the earlier uniform heating part of 
the furnace, heating elements would be provided on 

30 the inside of furnace roof 36, but in the latter differ- 
ential heating part they are replaced by differential 
heating assembly 37. Such an assembly is known 
from WO 90/14315 corresponding to US 4,952,227 
and WO 91/13037 corresponding to US 4,983,202, 

35 the disclosures of which are hereby incorporated 
herein by reference. This assembly comprises a num- 
ber of longitudinal heating elements 38 suspended in 
an array above the rollers 35 which convey the glass 
sheet 11. The heat output of each element 38, or at 

40 least of small groups of adjacent elements, is individ- 
ually controlled so that more heat may be provided to 
some portions of the glass sheet than others. Normal- 
ly, those portions of each sheet which are to be deeply 
or sharply bent are heated to a higher temperature so 

45 that they can be deformed more readily. On exiting 
the furnace 12 therefore, the temperatures of the va- 
rious portions of each sheet constitute a series of 
temperature profiles which are optimised in both rel- 
ative and absolute terms for the shape to which the 

50 sheet is to be bent 

Figure 4 shows a means of imparting a prelimin- 
ary bend to a glass sheet Whil not essential, such 
a means 42 is preferably incorporated in the bending 
and tempering apparatus because, by reducing the 

55 ' amount of shaping that is don at th press bending 
stege, high optical quality is more readily achieved on 
difficult shapes. The preliminary bending apparatus 
shown is known from EP 555 079, the disclosure of 
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which is hereby incorporated herein by reference. It 
includes a support connprising a series of substantial- 
ly horizontal conveyor rollers 40, and two series of lat- 
erally disposed, generally shorter rollers 41 which are 
inclined to rollers 40. Rollers 41 are disposed in pairs s 
In alternating fashion with horizontal rollers 40. but 
other configurations are possible, and one or more of 
rollers 40 may themselves each be replaced by a 
number of mutually inclined rollers. Whatever config- 
uration is used, the important point is that the various io 
rollers together define a curvature profile which heat- 
softened glass sheet progressively adopts to provide 
a required pre-bend as it is conveyed from the fur- 
nace 12 to the press bending station 13. The angle of 
inclination of rollers 41 is adjustable and is set to pro- is 
gressively larger values for each pair of rollers suc- 
cessively further from furnace 12. Rollers 41 are also 
adjustable In the two other dimensbns as indicated 
by arrows A and B on Figure 4. When used, such pre- 
liminary bending means normally extends into press 20 
station 13 (although this is not shown on Figure 4 for 
clarity), since the preliminary bent sheet 11 will re- 
quire support until it is placed on the lower mould. The 
direction of movement of the sheet is indicated by ar- 
row C. An alternative preliminary bending means 2S 
comprises continuous contoured rollers, each roller 
comprising a curved core within a flexible sleeve, the 
si eve being rotated about the core. 

Rgure 5 shows a roller 41 together with the mech- 
anism whereby directional adjustments may be ach- 30 
ieved. Roller 41 is mounted on a supporting arm 50 
and driven by means of a flexible driveshaft 51. Arm 
50 is pivoted at its lower end and supported by ar- 
cuately slotted plate 52 which may be moved relative 
to bracket 53 and then clamped by a wing nut Simi- 35 
lariy, adjustment of the angular position of roller 41 In 
th horizontal plane as shown by arrow A in Figure 4 
is provided by movement of the base of bracket 53 
along the arcuate slots provided in horizontal plate 54 
in conjunction with a rotatable mounting within turret 40 
55, thereby allowing angular movement of arm 50. Fi- 
nally, lateral translational adjustment of roller 41 as 
shown by arrow B is provided by rotation of threaded 
shaft 56 which passes through the base of turret 55. 
and nut 57, both of which are attached to plate 54. 45 

Figure 6 shows press bending station 1 3. quench 
station 14, and unloading station 15, together with a 
fragment of furnace 12. The press 69 provided in 
press bending station 13 comprises a frame 60 with 
complementary upper and lower press members so 
61,62 mounted for opposed reciprocating movement 
within it, such a press 69 being known in general 
terms from a variety of documents including WO 
93/14036 corresponding to US 5,279,635 the disclo- 
sure of which is heret)y incorporated h rein by refer- 55 
ence. Pr ss memb rs 61,62 are mounted on upp r 
and lower platens 63,64 which reciprocate in the vert- 
ical direction, guided by gukJing members 67,68. An 



el vatormeans 108 forth lowermould 62 is provided 
in the form of actuating cylinder 66; similarly, an ac- 
tuating cylinder 65 is provided for upper mould 61. 
The press 69 is provided with third conveyor means 
in the form of rollers- 59 to convey the glass sheet 11 
onto lower press member 62, but the majority of roll- 
ers 59 have been omitted from the press station 13 
for clarity. The operation of transferring sheet 1 1 onto 
lower press member 62 is described below in conjunc- 
tion with Figures 10, 11 and 12. 

As mentk)ned earlier, it is desirable to provide the 
press 69 with wheels and a means of centering and 
levelling so that it can be removed from the produc- 
tion line, the tooling changed, and replaced and 
aligned with the line with minimal delay. One such 
means 77 is illustrated in Figures 7 to 9, and is known 
from EP 424.478 corresponding to US 4,872,898 the 
disclosure of which is hereby incorporated herein by 
reference. Ftgure 7 shows the lower part of the press 
viewed from the side of the line, i.e. in the same di- 
rectton as in Figure 6. whereas Figures 8 and 9 show 
views taken along the longitudinal axis of the produc- 
tion line, at right angles to the direction of Figures 6 
and 7. The press frame 60 is provkied with grooved 
wheels 70 running on rails 71, enabling easy removal 
of the press. The working height of the press is deter- 
mined by shimmed pedestals 72, and the press is se- 
cured In its working position by locking mechanism 
73. The press is raised from its locked working posi- 
tion to its unlocked transport position by reversible 
drive unit 74 operating rotary jacks 75 via shafts 76 
in a manner which will be explained in more detail with 
reference to Figures 8 and 9. 

In Figure 8, the lower part of the press Is shown 
in the raised position for transport in or out of the pro- 
duction line. Wheels 70 are mounted on pivotable 
rocker arms 80. Operating bar 81 bears upon rocker 
arms 80 via rollers 82. and as shown in Figure 8, the 
bar has been driven downwards, causing wheels 70 
to act as fulcrums and press frame 60 to be raised. 
Operating bar 81 is actuated by rotary jacks 75, in 
turn actuated by drive unit 74 via shafts 76, and upon 
actuation of the drive unit 74 in the appropriate sense, 
jacks 75 allow operating bar 81 to rise to the position 
shown in Figure 9. thereby causing the press frame 
to be lowered to its working height at which it rests 
upon pedestals 72. These have previously been ad- 
justed to the correct working height by addition or re- 
moval of shims. 

The press shown in Figures 8 and 9 is designed 
to be moved out of its working position in a right to left 
directbn. When being moved back, a first approxi- 
mat location is provid d by spring-loaded bumper 83 
contacting stop plat 84. Bumper 83 may also contain 
a proximity switch for control of th drive unit 74, 
thereby initiating lowering of th press. As the press 
is lowered, accurate final location is provided by the 
locking mechanism 73 which compris s a saddle 85 
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engaging a freely rotatable shaft 86. Saddle 85 de- 
fines a slot which is shaped so that, if the press is 
slightly out of alignment lowering of the saddl 85 
onto the shaft 86 urges the press into the conrect pos- 
ition. 

On entry into the press station, the heat-softened 
glass sheet (which may or may not have been prelim- 
inarily bent as described above) is transferred from 
rollers onto the lower mould. This is a critical point in 
the operation, because it is important both to locate 
the sheet accurately upon the lower mould to achieve 
th correct shape during bending, and to avoid the 
sheet being stationary upon the rollers for even the 
merest fraction of a second. The localised tempera- 
ture changes caused by contact of a hot glass sheet 
with relatively cold rollers are such that the merest 
pause will cause optical distortion In the glass, if not 
actual marking of the surface. It is known to transfer 
the sheet to the mould by raising the mould relative 
to the rollers, thereby lifting the sheetf rom the rollers. 
This operation has to be very accurately timed in the 
sequence of bending operations to avoid introducing 
distortion. Furthermore, the mould elevator means 
has to work against both the force of gravity and the 
inertia of the relatively heavy lower mould and platen. 
During the development of the present invention, it 
was found instead that lowering the rollers relative to 
the lower mould was advantageous. This not only re- 
sult d in quicker transfer, but, since the rise of the 
lower mould to press the sheet Is then independent of 
transfer of the sheet it also resulted in increased flex- 
ibility of operation. As a consequence, the timing of 
the rise of the lower mould is less critical with this ar- 
rangement. 

Figure 10 shows a plan view of the lower mould 
62 together with an arrangement of rollers 59 which 
may be used to transfer the sheet onto the mould. The 
principle of the arrangement is that in the region of the 
m uld, short rollere 170,171 are used to support the 
heat-softened sheet, and these rollers do not pass 
over or under the mould so that they do not impede 
its rise, but are engineered to terminate as close as 
possible to mould 62 to optimise support for the sheet. 
This kJea is known from WO 91/03432 corresponding 
to US 5,004,492 the disclosure of which is hereby in- 
corporated herein by reference. Rollers 59 (which in- 
clude short rdlers 170,171) may be curved in con- 
formity with mould 62. in which case they comprise an 
Inner flexible shaft 172 with an outer flexible sleeve 
173 so that they may rotate in a curved configuration. 
A full width roller 178 is also shown. 

Rollers 59 may in gen ral be driven by conven- 
tional sprocket and chain means, arranged at the 
sides of the apparatus (i.e. the top and bottom of Fig- 
ure 1 0), but these are not shown in the drawing. How- 
ever, thos short rollers 171 which do not xtend all 
the way to the sides, which will be refenred to as aux- 
iliary roil re. require separate drive means and t>ear- 



ings. Auxiliary rollers 171 and truncated stub rollers 
170 are rotatably supported on bearings housed in 
brackets 1 74, as are shown in the lower half of Figure 
10. It is to be understood that the roller ends indicated 

5 in the upperhaif of Figure 10 are similarly supported, 
although the brackets have not been drawn in for 
these roller ends. 

Auxiliary rollere 171 are driven from below via 
sprockets 1 75 which are preferably centrally located 

10 on the roller. These sprockets may be driven by con- 
ventional engineering means such as chains or fur- 
ther sprockets (not shown) powered by a driveshaft 
(not shown) extending from one side of the apparatus 
under rollere 59. Auxiliary rollere 1 71 in fact comprise 

IS two roller segntents which are united, driven and also 
rotatably supported at a convenient point such as the 
centreline of the apparatus. Support is by bearings 
within pedestals 176. 

Heat-softened glass sheets are conveyed onto 

20 mould 62 in the direction of arrow D by rollere 59. Ac- 
curate location of the sheet on the rollere above 
mould 62 may be facilitated by the use of convention- 
al retractable end-stops 177. As described above, the 
sheet is removed from rollere 59 as soon as it is In 

25 position above mould 62 by lowering rollere 59 and 
raising mould 62. At least the rollers within the ciroum- 
ference of mould 62 need to be lowered to transfer the 
sheet; additional rollere may be lowered for engineer- 
ing convenience. 

30 As soon as the sheet is in position above the 

mould 62, rollere 59 are lowered by a mechanism 
which is described below. If the timing of this opera- 
tion is sufficiently accurate, it is possible to dispense 
with the endstops 177 of Figure 10 altogether, as the 

35 sheet will lose contact with rollere 59 and hence stop 
advancing just as it arrives in the correct position. Si- 
multaneously with, or slightly later than, the lowering 
of the rollers, actuating cylinder 66 (Figure 6) is oper- 
ated, causing lower platen 64 to rise together with 

40 tower mould 62, rollere 59, and their associated mech- 
anism. 

Figures 11 and 12 show a lowering means for low- 
ering rollers 59 relative to lower mould 62, mounted 
in press frame 60. Apart from the phantom outline of 

45 the upper part of lower nnould 62, the press membere 
and their associated actuating cylindere, and guiding 
members have all been omitted so as to reveal the 
roller-lowering means 107 better. Rollere 59 are 
mounted in a horizontal frame 100 which is itself sup- 

50 ported by lower platen 64 so that frame 100 and roll- 
ere 59 may reciprocate in the vertical direction with 
platen 64. Platen 64 th r fore constitutes a common 
support for the rollere 59 and the lower mould 62. 
Frame 1 00 is mounted on a plurality of toothed racks 

55 ' 101, which are in engagennent with pinions 102 
mounted on axles 103 for rotational movement. The 
piston of a cylinder 104 is conn cted to a crank 105, 
itself connected to oth r cranks 105 by connecting- 
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rod 106. The cranks 105 are fixedly mounted on pin- 
ion axles 103, so that generally horizontal movement 
of the piston Is converted to rotational movem nt of 
pinions 1 02, causing vertical movement of racks 1 01 . 
in Figure 11 the rollers 59 are in the raised position, 
in which they are level with furnace conveyor rollers 
35 (not shown In Figure 11), and slightly above the up- 
permost part of lower mould 62 so as to receive a 
glass sheet 11 arriving from the furnace 12 and con- 
vey it to a position directly above the lower mould, lo- 
cation of the sheet being assisted by retractable stop 
members (not shown in Figures 11 and 12) if desired. 
An instant before the sheet 11 is due to arrive in pos- 
ition directly above the lower mould 62, roller lowering 
cylinder 104 and lower mould actuating cylinder 66 
(Figure 6) are operated so that the rollers 59 are low- 
ered and lower mould 62 is raised, transferring the 
she 1 11 from the rollers 59 the moment it has arrived 
in positton. 

Figure 12 shows the lowering means 107 of Fig- 
ure 11 with the rollers 59 in the lowered position. The 
positton of lower mould 62 Is Indicated twice, once for 
ref rence In a lower position corresponding to the 
positton in which it Is shown in Rgure 11 (thereby re- 
vealing the extent to which rollers 59 have been low- 
ered), and again in a raised position which it adopts 
after movement in the directton of anx)w E. Rollers 59 
would of course also have been raised with mould 62. 

The lowering means 1 07 may be supported on an 
ind pendent frame member as an alternative to the 
lower platen 64. When a means of preliminary shap- 
ing of the glass sheet is employed, this may be simi- 
larly supported. It is desirable that a preliminary shap- 
ing means extends to a point immediately adjacent 
the lower mould, so that the shape of a pre-bent sheet 
is maintained by providing adequate support until the 
she t is transferred onto the lower mould, in this sit- 
uation rollers 59 may comprise horizontal rollers 40 
and inclined rollers 41 as shown in Figure 4. It is a 
matter of engineering convenience as to how many of 
the rollers 59 which are outskle the circumference of 
the lower mould 62 are lowered together with the roll- 
ers within the circumference of the lower mould in or- 
der to transfer the sheet 

Once located on the tower mould, the glass sheet 
is shaped by pressing it against the upper mould 
whereby the sheet is shaped by pressing it between 
the complementary shaping surfaces of the moulds. 
This may be achieved by raising the lower mould fur- 
ther, or by towering the upper mould, or by a combin- 
ation of the two. 

The upper mould (and cons quently its shaping sur- 
face) is internally heated to reduce heat loss from the 
glass sheet, and at least part of its shaping surface 
is provided with apertures at which the air pressure 
may b reduced, i.e. it is a vacuum mould. Examples 
of internally heated vacuum upper moulds are shown 
in Figures 13 to 17. 



Figures 13 and 14 show on possibi design of 
vacuum upp r mould 61a which is heated by m ans 
of electrical resistance heating elements and is 
known from WO 93/14038 which corresponds to US 

5 5,279,635. The mould 61a is of the solid and contin- 
uous type, having a continuous (and full face) shap- 
ing sur^ce 110 which is complementary to that of the 
lower mould. Surface 11 0 is provided on a mould body 
111 which is formed of any suitable material capable 

10 of withstanding the elevated temperatures to which it 
is subjected and may, for example, advantageously 
be a refractory material such as a ceramic material. 
An outwardly extending flange 112 integrally formed 
along, preferably, the entire perimeter of the mould 

IS body 111, cooperates with a plurality of L-shaped 
brackets 113 for mounting the shaping element to a 
support plate 114 suitably attached to the upper plat- 
en 63 (Figure 6). To provide a resilient non-abrasive 
surface for contact with the heat softened glass sheet 

20 and to provide insulation, the shaping surges 110 is 
covered with one or two sheets 115 of durable heat- 
resistant doth, such as woven or knit f ibreglass or the 
like. Each insulating doth sheet 115 is stretched taut- 
ly over the shaping surface 110 and held In place by 

25 suitat>le means. 

A chamber 116 may be fonmed in the mould body 
111 , to serve as a manifold for a positive or negative 
air pressure to assist in the shaping and handling of 
the glass sheets. To that end, the shaping surface 110 

30 is provided with a plurality of air passages 118 in conv 
munication with the chamber 116, and the mould body 
111 is provided with a conduit 117 also in communi- 
cation with the chamber 116 and a vacuum pump or 
a source of air under pressure. The air passages 118 

35 may be, as shown, in the form of t>ores whk:h may be 
drilled, or a porous or less dense refractory material, 
i.e. one containing small passages, can be chosen for 
the mould body. Such a material would permit a flow 
of air through the shaping surface without the need 

40 for the drilled passages. The boras or passages ter- 
minate at apertures in the shaping surface, which is 
thereby perforated, notwithstanding that 'it ts a full 
face shaping surface. 

A negative air pressure, or vacuum, can thus be 

45 provided at the shaping surface of the upper mould 61 
to assist in retaining the sheet thereon, or conforming 
the sheet thereto. The vacuum can then be utilized to 
support the sheet as the lower mould 62 is lowered 
and a shuttle carrier ring (Figure 19) is moved into 

50 position to transport the sheet out of the press statbn. 
When the carrier ring is in position under the upper 
mould, the latter descends to a position slightly above 
th ring. The air pressure at the apertures is suddenly 
increased to a I vet above atmosphere pressure, so 

55 ' that the bent sheet is positively released from th up- 
per mould 61 , and is placed accurately upon the car- 
rier ring. This techniqu avoids the risk of marking the 
sh et as a result of it falling a significant distance, and 
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alleviates problems of alteratbn of shap through In- 
accurate placem ntonth carrier ring. 

The upper mould 61 Is provided with a plurailty of 
heating elements 119 extending through it, which are 
of an electrical resistance type suitable to be em- 
ployed In the refractory mould body 111. The ele- 
ments then^elves are capable of reaching tempera- 
tures of the order of SOC'C, producing temperatures 
upto400''C atthe shaping surface. Surprisingly, how- 

v r, it has been found that good optical quality and 
adequate tempering can be achieved with shaping 
surface temperatures as low as 200^C. The normal 
range of operating temperatures used at the shaping 
surface is 200®C-350**C, a preferred range is 220*C- 
300^C, and a temperature of 250^C Is most preferred. 

Elements 119 may be embedded in the mould 
body 111 by casting it with the elements in place, or 
bores may be provided (e.g. by drilling) into which the 
elements are inserted. The elements 119 are con- 
nected in conventional manner to a suitable control 
unit (not shown) for regulating the power. The ele- 
ments may be connected for individual control, or 
grouped In zones which are separately controlled. 
Thermocouples (not shown) are also provided within 
th mould body 111 near the shaping surface 110 to 
provide temperature readings at appropriate points to 

nable the temperatures across the shaping surface 
to b controlled. Af urther method of internally heating 
a vacuum mould is to pass hot air or gas through the 
vacuum system (i.e. conduit 117, chamber 116, and 
passages 118), so that the hot air or gas exits the 
apertures in the shaping surface, thereby heating it 
Figures 1 5 to 1 7 show an alternative upper mould 
61b. Like upper mould 61a, this is also a heated va- 
cuum mould, but the heating is achieved in a novel 
fashion, by passage of a hot fluid through channels in 
the mould. The mould is cast from an aluminium alloy 
durable to high temperatures and includes bores 
which traverse the shorter dimension of the mould 
when seen in plan. The bores are connected to tubes 
120, which may be of steel, or alternatively the tubes 
120 pass right through the mould, being cast into the 
m uld. On one side of the mould the tubes 120 are 
connected to an inlet manifold 121 , and on the other 
side they are connected to an outlet manifold 122. 
and a hot fluid is circulated through the mould via the 
manifolds and tubes. Suitable fluids are mineral oils 
or synthetic oils which are of low volatility at dOO'^C 
and have a specific heat capacity of 1 .5 to 2.5 KJ/kg. 
Using such oils at dOO^'C, temperatures of 200''C to 
250'*C can be achieved at the shaping surface 110 
with tubes 120 between 8 and 10 mm in internal di- 
ameter and a fluid velocity of about 1 dnr^/second. Al- 
ternatively, hot air or gas may b passed through the 
conduits. Th shaping surface temperature may b 
controlled by controlling eith r the temperature or the 
rate of flow of the fluid. 

As with upper mould 61a. mould 61b may be pro- 



vided with an internal chamber connected to a source 
of negativ or positive pressure, and in communica- 
tion with apertures in the shaping surface. In ^ctth 
particular mould shown in Figures 15-17 is provided 

5 with three chambere comprising a central chamber 
and two end chambers arranged along the length of 
the mould. The central chamber is connected to va- 
cuum/air conduit 123, and likewise the end chambers 
are connected to vacuum/air conduit 124. This multi- 

10 pie chamber arrangement makes it possible for exam- 
ple to provide differing degrees of suction in the end 
regk)ns of the shaping surface compared with in the 
middle, which is advantageous for certain shapes. 
The arrangement is not limited to mould type 61 b, but 

IS may also be provided in type 61a. 

The important differences between the two 
types of upper mould are the means of heating and 
the materials used. Each type of material has advan- 
tages for different situations. Refractory mould 61a is 

20 more durable and the mould material does not in prac- 
tice pose any constraints on operating temperature. 
However, the aluminium alloy of mould 61b has a 
thermal expansion such that it expands about the 
same amount, when heated from ambient to Its work- 

25 ing temperature of 200'*C-250*'C, as a glass sheet ex- 
pands when heated from ambient to its bending tenv 
perature of around eOO'^C. This means that the mould 
can be machined according to the shape of the bent 
sheet required at ambient temperature, without any 

30 compensation for thermal expansion. Because the 
material is machinable, changes to the mould may be 
made which call for removal of material, whereas a 
new refractory mould would normally have to be cast, 
unless a modern machinable ceramic had been used. 

35 While it is preferred that the ceramic mould is electri- 
cally heated, and the aluminium alloy mould Is fluid- 
heated, it is of course possible to engineer different 
combinations of mould materials and heating techni- 
ques. 

40 Figure 18 shows the lower mould 62 which is of 

female or concave form, and comprises a shaping 
surface in the form of a continuous shaping rim 130 
complementary in outline and elevation to the periph- 
ery of the full face shaping surface 110 of the upper 

4S mould 61. The end walls of the mould are provided 
with vertically extending slots 131 to accommodate 
the supports and driveshafts for the rollere 59 (not 
shown on Figure 18) if the lower mould 62 is raised 
relative to the rollers as described above. Alternative- 

50 ly, lower mould 62 can take the form of a shaping rail 
supported on upright rods, between which the roller 
supports and drives can be accommodated.- 

Having thus been bent, and placed upon the car- 
rier ring of a shuttle means, the glass sh et 11 is 

55 ' transported by th shuttle means into th quench sta- 
tion 1 4 (Figures 1,6), wher it is tempered, and finally 
into unloading station 15. In additton to the press 
bending station 13 described earii r, Figur 6 shows 
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the quench and unloading stations 14,15, and the 
shuttle means 160, whil Figure 19 shows details of 
part of the shuttle means. 

Referring to Figure 1 9, the shuttle means conv 
phses a carrier ring 140 which conforms in outline and 
elevation to the periphery of the bent glass sheet 
Ring 140 is supported within a frame 141 which is ft* 
self supported on two cantilevered support arms 142 
by means of locating pins 143 and V-shaped rests 
144. Support arms 142 depend from shuttle glide 
rails 145 (Figure 6) by means of glide plates 146, 
which are connected to the shuttle drive system via 
connectors 147. The drive system (Figure 6) compris- 
es drive unit 148, idler pulleys 149 and chain 150 
(shown as a dashed line), which together enable the 
glide plates 146 and attached structure to travel back 
and forth along the glide rails 145. 

Still referring to Figure 6, quench station 14 com- 
pris s opposed upper and lower biastheads 151,152 
disposed and operable to direct opposing streams of 
a cooling fluid such as air towards and against the op- 
posite surfaces of the bent glass sheet 11 in known 
fashion. When the bent glass sheet enters the quench 
statksn. it is still sufficiently hot to undergo satisfac- 
tory tempering due to the effect of the heated tooling, 
yet it has noi lost the shape accurately imparted to it 
in the press station 13 because it is supported by the 
carrier ring. During tempering, the drive unit 148 caus- 
es the carrier ring to reciprocate rapidly over a short 
distance, thereby causing an oscillating movement of 
th sheet in the quench, as is usually practised in the 
t mpering art 

Having been tempered, the sheet 11 is transfer- 
red to the unloading station 15, which is known from 
WO 90/11973 corresponding to US 4,883,526 (the 
disclosure of which is hereby incorporated herein by 
r f renoe). The unloading apparatus comprises 
sh et lift mechanism 153 and a support mechanism 
comprising retractable pins 154. Sheet-engaging 
cross-members 155 of the lift 153 are propelled up- 
wards by drive unit 156 so as to lift sheet 11 from car- 
rier ring 140 up to slightly above the level of pins 154. 
Pins 154 are extended into the region below the lower 
surface of sheet 11 so as to support it when cross- 
members 155 descend. The shuttle carrier ring can 
then be removed from unloading station 15, and re- 
turn to the press station 13 for the next sheet. In the 
meantime, cross-members 155 rise again to collect 
the sheet from support pins 1 54 and lower it onto the 
take-off conveyor 157, During the unloading proce- 
dure, the sheet may be further cooled by air from op- 
posed biastheads 158,159, so that on leaving the 
bending and tempering apparatus it is cool enough for 
subsequent operations. 



Claims 

1. Anrtethodofb nding and temp ring a glass she t 
(11) comprising: 
5 heating the sheet to a heat-softened con- 

dition in a furnace (12), including heating at least 
one portion of the sheet to a higher temperature 
than another portion, 

conveying the sheet out of the furnace and 
10 into a press bending station (13), 

shaping the sheet by pressing it between 
opposed complementary shaping surfaces 
(110,130) provided on upper and lower press 
members (61 ,62), at least one of the members 
IS being internally heated, 

transferring the bent glass sheet onto a 
shuttle carrier ring (140) conforming to tthe per- 
iphery of the sheet 

tempering the bent glass sheet (11), while 
20 supported on the carrier ring, by quenching the 

surfaces of the sheet 

removing the bent and tempered glass 
sheet from the carrier ring (140). 

25 2. A method as daimed in daim 1 , wherein the t>ent 
sheet (11) is suspended from an upper press 
member (61) due to reduction of the air pressure 
at apertures (118) in the shaping surface (110) 
thereof during transfer of the sheet onto the shut- 
30 tie carrier ring (140). 

3. A method as daimed In daim 1 or daim 2, where- 
in transfer of the bent sheet (11) onto the shuttle 
carrier ring (140) occurs in the press bending sta- 

36 tion (13), and the carrier ring conveys the sheet 

to the quench station (14), and from the quench 
statk>n to an unloading station (15). 

4. A method as daimed in any of the preceding 

40 claims, comprising subjecting the sheet (11) to a 

preliminary shaping step before pressing it 

5. A method as claimed in daim 4, comprising con- 
veying the sheet (1 1 ) on a support (40v41 ) shaped 

45 to impart a preliminary bend to the sheet 

6. A method as daimed in any of the preceding 
claims wherein the shaping surface of the inter- 
nally heated press member (61) is maintained at 

50 a temperature between 200**C and 350®C, prefer- 

ably between 220°C and 300^C, most preferably 
around 250**C. 

7. A method as daimed in any of th preceding 
55 claims, wherein the sh et (11) is conveyed into 

th press bending station (13) on conv yorroll rs 
(59), and comprising transf ning the sheet from 
the rollers onto a lower mould (62) by lowering th 
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rollers relative to the mould. 

8. A method as daimed in any of th preceding 
dalms, further comprising subjecting the sheet 
(11) to an aligning step before pressing it 

9. A method as daimed in any of the preceding 
daims, wherein the glass sheet (11) is up to 4.2 
mm thick. 

10. A method as daimed in any of the preceding 
daims, wherein the glass sheet (11) is bent to a 
complex shape. 

11. An apparatus for bending and tempering a glass 
sheet (11) comprising: 

a furnace (12) for heating the sheet to a 
heat-softened condition, including means (37) of 
heating at least one portion of the sheet to a high- 
er temperature than another portion, 

a press bending station (13) comprising 
opposed complementary shaping sur^ces 
(110,130) provided on upper and tower press 
members (61,62) mounted for opposed recipro- 
cating movement relative to each other, at least 
one of which is internally heated, 

conveyor means (1 8,59) for conveying the 
glass sheet through the furnace and out into the 
press bending station, 

a quench station (14) comprising opposed 
blastheads (151,152) for directing flows of cool- 
ing fluid so as to impinge on the surfaces of the 
bent sheet and quench them, thereby tempering 
the sheet, 

shuttle means (160) for receiving the 
sheet from the press bending station comprising 
a carrier ring (1 40) conforming to the periphery of 
the bent glass sheet, the ring being displaceable 
in a substantially horizontal direction through the 
quench station. 

an unloading station (15) comprising 
means (1 53) for removing the bent and tempered 
sheet from the carrier ring. 

12 An apparatus as claimed in daim 11 , wherein the 
upper press member (61) comprises means in- 
dudtng a chamber (1 1 6) whereby the air pressure 
may be reduced within the chamber and at at 
least part of the shaping surface (110). 

13. An apparatus as claimed in daim 11 or daim 12 
wh rein the upper press member (61a) is inter- 
nally heated by electric heating elements (119) 
extending through the member. 

14. An apparatus as claimed in any one of claims 11 
to daim 13, wherein the upper press member 
(61 b) is internally heated by passage of a hotf lutd 



through conduits xtending through th member. 

15. An apparatus as daimed in any one of daims 11 
to 14, wherein the lower press member (62) com* 

5 prises a continuous shaping rim (1 30). 

16. An apparatus as daimed in any of daims 11 to 
15, wherein the means induded in the furnace 
(12) of heating at least one portion of the sheet 

10 to a higher temperature than another portion 

comprises a substantially horizontal array (37) of 
electric heating elements (38) disposed above 
the path of conveyance of the glass sheets, 
wherein the elements can be controlled individ- 

IS uaily or in groups. 

17. An apparatus as daimed in any one of daims 11 
to 16, wherein the shuttle means (1 60) travels on 
elongate support members (145) oriented paral- 

20 lei to a centre line (17) of the apparatus, and the 

members are of sufficient length for the carrier 
ring (140) to reciprocate between the press bend- 
ing station (13) and the unloading station (15) via 
the quench station (14). 

25 

18. An apparatus as daimed in any one of daims 11 
to 17, induding a means (42) of imparting a pre- 
liminary bend to the glass sheet (11) before It is 
press bent 

30 

19. An apparatus as daimed in claim 18, wherein the 
means (42) comprises a support (40,41) shaped 
to impart a preliminary t>end to the sheet (11). 

35 20. An apparatus as daimed in any one of daims 11 
to 19, wherein the conveyor means comprises 
rdlers (59), the apparatus further comprising a 
means (107) of lowering the rollers relative to the 
lower mou\d (62). 

40 

21. An apparatus as daimed In any one of daims 11 
to 20, induding a means (16) of aligning the glass 
sheet on the conveyor means (10) before it is 
press t>ent 

45 

22. An apparatus as daimed in any one of daims 11 
to 21, wherein the press bending station (13) 
comprises a press (69) which is provided with 
wheels (70) so that it may readily be moved in or 

50 out of its operating position, and which is further 

provided with means (77) of centering and level- 
ling the press in its operating position. ' 
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Fig.3. 
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Fig. 12. 
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Fig.14. 
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(54) Bending and tempering glass sheets 

(57) Glass slieets are press bent and tempered, es- 
pecially for use as glazings in vehicles. Such glazings 
are required to be accurately bent to a complex shape 
while meeting high standards of optical quality and frac- 
ture safety at an acceptable cost A method of bending 
and tempering a glass sheet (1 1 ) is provided comprising 
heating the sheet (11 ) in a furnace (1 2). including heating 
at least one portion of the sheet to a higher temperature 
than another portion, conveying the sheet out of the fur- 
nace and into a press bending station (13), shaping the 
sheet by pressing it between opposed complementary 
upper and lower press members (61 ,62). at least one of 
the members being internally heated, translerring the 
bent glass sheet onto a shuttle carrier ring (140) con- 
forming to the periphery of the sheet, and tempering the 
sheet while supported on the carrier ring. A correspond- 
ing apparatus is also described. 
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